Assessment of heavy metals in soils is important in context of human health as these may either pollute the agricultural crops or may move deeper into the groundwater. There has been no such work been carried out in the soils of Mewat district. In the present study, to investigate the soil heavy metal pollution characteristics 15 samples and 3 typical soil profiles were collected from 2 blocks of Mewat district, Haryana and were analyzed for contents of Arsenic (As), copper(Cu), cadmium (Cd), zinc(Zn), iron (Fe), manganese (Mn) and nickel(Ni). Concentrations of As, Cd and Ni in soils are less than their toxicity levels while concentrations of Fe, Mn, Zn and Cu are found exceeding the toxicity levels. Based on the results, soil in the study area are polluted by heavy metals viz. Fe, Mn, Zn and Cu. According to principal component analysis, distinct groups of heavy metals were discriminated between natural or anthropogenic sources.
Introduction
Soil heavy metal pollution is worldwide and in terrestrial ecosystems, soils dish up as the most important sink 1, 2 and generally considered to be originating either from geogenic or natural sources or the anthropogenic sources such as agrochemicals and mineral fertilizers, industrial wastes, sewage sludge etc. 3, 4, 5, 6 As a result of increasing population, urbanization, agricultural activities, heavy metal pollution in agricultural soils is the matter of concern causing various health impacts 7, 8 and their higher concentration in deeper layers can contaminate the groundwater 9, 10 due to their mobility in soils. Therefore, it has become important to assess heavy metal pollution in soil.
Study Area
Mewat district a semi-arid region in Haryana (Fig. 1 ) that covers about 1500 sq. km. geographical area with population of 1,089,406 (2011-Census 11 ) is one of the major agricultural areas with scarce perennial surface water sources and groundwater is the main source of water for irrigation and domestic use. The major crops grown in the area are: wheat, millet and mustard, vegetable crops like onion, tomato, eggplant, chilly, etc. Mewat receives low annual rainfall i.e. 577 mm, limited to a period of 23-35 days in the year.
Methodology
There are problems of excessive salinity in Nagina block and water level is decreasing in Tauru block 12 and the problem of salinity is also affecting the water quality in semi-arid regions. 13 The salinity zone in Nagina block is expanding into the fresh water zone towards the Aravali ranges 14 Keeping this in view, the agricultural soil samples were collected from 3 places namely Ulheta, Karhera/Ghagas and Tauru covering 2 blocks namely Nagina and Tauru. The samples were collected from 5 different depths as 0-30 cm, 30-60cm, 60-90cm, 90-120 cm, 120-150 cm. The soil samples were air dried, grinded and analysed for As, Fe, Mn. Cd, Ni, Cu and Zn on ICP-OES (make: Shimadzu) at Central Analytical Facility, CSSRI (ICAR), Karnal.
The instrument is based on the emission principle and involves the measurement of the intensity of the characteristic radiations of the element to be determined. Argon serves as sample carrier gas and help in producing plasma by interacting the oscillating magnetic field generated by the radio frequency generator in the coil. The sample is aspirated by nebulizers and injected into the plasma, causing the excited neutral atoms or ions within the sample to emit radiation of specific wavelengths. The emitted radiations are observed by the light tube through the entrance slit of a spectrometer which illuminates the diffraction grating. Radiations are separated into its component wavelengths and are incident on a photo multiplier tube. The photo multiplier tube produces a signal directly proportional
Fig. 1: Study Area Showing Sampling Points
to the intensity of the impinged light. This signal is then processed by the measuring system. It used for the estimation of more than 50 elements present in water, soil and plant extract. It measured all the elements selected during calibrating the instrument through the PC in one aspiration. The soil texture at Ulheta is loamy sand to sandy loam, at Karhera/Ghagas is sandy loam to silty loam and at Tauru is Sandy loam. Principal Component Analysis (PCA), a multivariate assessment technique where large variations are explained but number of variables reduced to group of individuals and this technique has been used to estimate spatial and temporal patterns of heavy metal contamination.
Fig. 2: Depth Wise Distribution of Soil Heavy Metal Pollution at Different Locations
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Results and Discussion
The mean concentration of all the samples for all 3 sites is shown in Table 1 and Fig. 2 . The average contents of As, Cd, Ni, Cu, Fe, Mn and Cu were reported 0.0271 ppm, 0.0272 ppm, 0.1182 ppm, 41.1 ppm, 511.5 ppm, 567.9 ppm and 18.8 ppm, respectively in soils of Mewat. Among all the sites, maximum As, Cd and Ni to the tune of 0.0316 ppm, 0.0306 ppm and 0.1528 ppm, respectively were reported from Ulheta followed by 0.0282 ppm, 0.0288 ppm and 0.1192 ppm, respectively at Karhera and minimum at 0.0216 ppm, 0.0222 ppm and 0.0826 ppm, respectively at Tauru. Generally, it was found that As, Fe, Mn, Cd, Ni, Cu concentrations were found more at the depth range of 30-60cm. 
Correlation
The correlation matrix of three sampling sites is shown in Tables 2-4. Arsenic (As) has strong/ perfect positive correlation with Cd and Ni at all places. At Ulheta strong positive correlation was found between Fe and Cu; Ni and Mn; a high and positive correlation of Mn was also found with As and Cd at Ulheta (Table 2) .
At Karhera, good and positive correlation of Fe was observed with As and Cd, while high negative correlation of Fe was found with Cu (Table 3) . Fe had a strong positive correlation with Mn at Tauru ( Table 4) . The variation in correlation may be due to contribution of these heavy metals from different sources.
Depth Distribution of Heavy Metals
Depth wise distribution of heavy metals at all the 3 sites is shown in figures 3-5. At Ulheta, and Tauru upto 30% of the depth, the heavy metal concentration is increasing sharply but after that gradual increase in observed (figs. 6, 7) while at Karhera/Ghagas, concentration of As, Fe, Mn and Cu is found increasing constantly at all depths but trend is not same for Cd, Ni and Zn. Tables 5,6 ,7 represent the statistics of PCA which includes the eigenvalue, percentage of variance and cumulative variance. It is observed that only 1 factor at Ulheta ( In Karhera, PC 1 contributing 61% was positively affected by all the heavy metals except for Cu while PC 2 contributing 26.66 % was positively affected by Zn, Fe and negatively affected by Cu, As, Cd, Ni and Mn (Fig. 7) .
Principal Component Analysis (PCA)
In Tauru, PC 1 contributing 72.88 % was positively affected by As, Cd, Ni, Zn and negatively affected by Cu, Fe and Mn while PC 2 contributing 15.97 % and was positively affected by all the heavy metals (Fig. 8) .
Conclusion
Analysis of depth wise soil samples in Mewat shows that concentrations of As, Cd and Ni in soils are less than their toxicity levels while concentrations of Fe, Me, Zn and Cu are found exceeding the toxicity levels. Based on the results, soil in the study area could be considered partially polluted by heavy metals. According to principal component analysis, distinct groups of heavy metals were discriminated between natural or anthropogenic sources. Proper soil and crop management methods can help prevent uptake of pollutants by plants, leaving them in the soil and requires appropriate treatment with suitable techniques.
